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1.0 



INTRODUCTION. 



1.0.1 The Universal Memory Module is used in the 264XX Terminals 

for Display Memory or Program Memory. This read-write memory 
is normally only accessible through the terminal bus (BOT). If it is 
connected to the Processor Module top plane it is then only accessible 
through the top plane bus (TOP). 

1.0.2 The Universal Memory Module consists of two completely independent 

memory modules which each use 8 16-Pin socVeted ^<0S RAMS. The modules 
may be configured with 16K RAMS organized as 16/38A X 1 bit or UK RAMS 
organized as 4/096 X 1 bit giving the following Universal Memory 
Module standard sizes. 

8K 2 4K modules 
16K o 1 16K module/ 1 vacant module 
32K o 2 16K: modules 

1.0.3 The memory mapping of the Universal Memory Module is unrestricted 
with the following exceptions: 

o In BOT or TOP mode the memory in the memory mapped I/O space 
I/O space (32K-36K) can only be used with an enhanced version of 
the Processor Module. 

In BOT mode the module can overlay the 0-64K space occupied by TOP 
Read only memory (ROM) or Random access memory (RAM) in which case 
the BOT access is obtained by firmware inhibiting the TOP memory 
-this can only be done if the TOP memory is addressable as all RAI^i or 
all ROM. 



o In Top mode the module can occupy the same 0-64K space as TOP R0^'/ 
if none is present a second Universal i^emory Module addressed as ROM 
(but functioning as RAM) may also be used. 

o In TOP mode Bank Switching is possible using an enhanced 
version of the Processor Module and the 16K or 32K configurations of 
Universal Memory module. This permits up to 4 memory modules to 
the overlay the 0-64K TOP memory space. Bank Switching can only be 
used with an enhanced version of the Processor Module. 
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NOTICE 

The information contained in this document is subject to change 
without notice, 

HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH RE6AP0 TO THIS 
MATERIAL/ INCLUDING/ BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Hewlett-Packard 
shall not be liable for errors contained herein or for incidental or 
consequential damages in connection with the furnishing/ performance/ 
or use of this material. 

This document contains proprietary information which is protected Dy 
copyright. All rights are reserved. '^o part of this document may be 
photocopied or reproduced without the prior written consent of Hewlett 
Packard Company. 



Copyright c 1979 by HEWLETT-PACKARD COMPANY 



NOTE: This document is part of the 264XX DATA TERMINAL product 
series Technical Information Package (HP 13255). 
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1.0 



INTRODUCTION, 



1.0.1 



1.0.2 



The Universal Memory Module is used in the 264XX Terminals 

for Display Memory or Program Memory. This read-write memory 

is normally only accessible through the terminal bus (BOT). If it is 

connected to the Processor Module top plane it is then only accessible 

through the top plane bus (TOP). 



tvK) completely independant 
lOcVeted ^50S 



The Universal Memory Module consists of 

memory modules which each use 8 16-Pin soclceted ^50S RAMS. The modules 
may be configured with 16K RAMS organized as 16^384 X 1 bit or 4K RAMS 
organized as 4/096 X 1 bit giving the following Universal Memory 
Module standard sizes. 

8K o 2 4K modules 
16K o 1 16K module/ 1 vacant module 
32K o 2 16K modules 



1.0.3 The memory mapping of the Universal Memory Module is unrestricted 
with the following exceptions: 

o In BOT or TOP mode the memory in the memory mapped I/O space 
I/O space (32K-36K) can only be used with an enhanced version of 
the Processor Module. 

In BOT mode the module can overlay the 0-64K space occupied by TOP 
Read only memory (ROM) or Random access memory (RAM) in which case 
the BOT access is obtained by firmware inhibiting the TOP memory 
-this can only be done if the TOP memory is addressable as all RAI^t or 
all ROM. 



In TOP mode the module can occupy the same 0-64K space as TOP ROM, 
if none is present a second Universal Memory Module addressed as ROM 
(but functioning as RAM) may also be used. 

o In TOP mode Bank Switching is possible using an enhanced 
version of the Processor Module and the 16K or 32K configurations of 
Universal Memory module. This permits up to 4 memory modules to 
the overlay the 0-64K TOP memory space. Bank Switching can only be 
used with an enhanced version of the Processor Module. 
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1-1 



OPERATION. 

The Universal Memory Module is confiqured by loading the Ra?n sockets 
with the appropriate RAMS as follows : 



Memory size 



8K 
16K 
32K 



Left BanK 
(Module 0) 



4K RAMs 
16K RAMS 
16K RAMS 



Right Bank 
(Module 1) 



4K RAMS 
none 
16K RAMS 



The HP Part Numbers are 5090-0109 ( 4K RAMS) 

5090-0114 (16K RAMS) 
-no other parts may be used. 



The remaining part of the configuration is to set the iumoer 
plugs Jl-3 positions/ set the switches S1-2/and connect the Top 
Plane connector if TOP access is required. The S1-2 switches 
are also programmable from the P2 connector. 



1.2 PROCESSOR MODULE TOP PLANE INTERFACE, 

In top plane mode^ the Universal Memory Module interfaces to the 
Processor Module through the Top Plane Connector Assembly (02640* 
60012/ 02640-60016/ or 02640-60022). 
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2.0 OPERATING PARAMETERS. 

A summary of operating parameters for the Universal Memory is contained 
in tables 1.0 through 5.0 



Table 1.0 Physical Parameters. 






Number 

:rsxsssss33x 

02640-60171 



Nomenc lature 
Universal Memory PCA 



"♦-/-O.IOO Inches 
12.5 X 4.00 X 0.5 



(Pounds) 



0.5 






Number of Backplane Slots Required: 1 



Table 2.0 Reliability and Environmental Information 






Envi ronmental : 



( X ) HP Class B 



( ) Other 



Restrictions: Type tested at product level 






Fai lure Rate: 



8K-3.61 (percent per 1000 hours) 
16K-2.74 (percent per 1000 hours) 
32K-4.04 (percent per 1000 hours) 
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Table 3.0 Power Supply and Clock Requirements - Measured 
(At +/-5% Unless Otherwise Specified) 



+5 Volt Supply 
9 910 mA 



+12 Volt Supply 
o) 30 irA 






115 volts ac 
NOT APPLICABLE 



-12 Volt Supply 
ai 20 mA 



-42 Volt Supply 
NOT APPLICABLt 






220 vol ts ac 
NOT APPLICABLE 






Clock Frequency: 4.9150 MHz ♦/- ().^% 
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Table 4.0 Jumper Definitions 






PCA 
Designation 

Essssssssssx: 



TOP PLANE 
CONNECTOR 



J1 






J2-3 



Funct ion 



In 



Out 



Connects Universal Memory module to Processor Module 
via Top P lane 



When present selects 
TOP access 



I When absent selects 
j BOT access 



(Note: This jumper must always be installed for 

proper operation of the PCA/Located in the center 
of the RAM memory array) 



Applies -5V to the RA^ 
array- 



Disconnects -5V generated 
on the PCA. Permits an 
external supply to be 
connected- 



Bank Selector: Located in top center below P3 



'B' Position enables 
Bank Select mode 



*B' Position enables 
normal mode 
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Table 4-1 Switch Definitions 



ssrssssxsssss: 

PCA 
Designation 



SI 






INH 



32K 



16K 



8K 



4K 



Funct ion 



Closed 



Open 



Mode Configurator: is Blank Background (Left iModule) 



Inhibits Module 0/ this 
must be selected if no 
RAMs are loaded. 



Adds 32K to Module 
Start Address 



Adds 16K to Module 
Start Address 



Adds 8K to Module 
Start Address if 

M1.M2.M3.8 

Adds 2 to Bank Select 
Address of Module if 

M1.M2.M3.B.T0P 



Adds 4k to Module 
Start Address if 

M1.M2-M3.B 

Adds 1 to Bank Select 
Address of Module if 

M1.M2.M3-B.T0P 



Enables Module 



Adds to Module 
Start Address 



Adds to Module 
Start Address 



Adds to Module U 
Start Address if 

M1.M2.M3.B 

Adds to Bank Select 
Address of Module if 

M1.M2.M3. 8. TOP 



Adds to Module U 
Start Address if 

M1.M2.M3.B 

Adds to Bank Select 
Address of Module if 

M1.M2.M3.B.T0P 
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Table A. 2 Switch Definitions 



3SSXSSSSSSSSSS3S 

PCA 
Designation 

sssasssxssss-sssx 

S1 



INH 1 



32K 1 



16K 1 



8K 1 



AK 1 



Function 



Closed i Open 

Mode Configurator: 1 is Solid Background (Right Module) 



Inhibits Module 1/ this 
must be selected if no 
RAMs are loaded. 



Adds 32K to Module 1 
Start Address 



Adds 16K to Module 1 
Start Address 



Adds 8K to Module 1 
Start Address if 

M1.M2.M3.B 

Adds 2 to Bank Select 
Address of Module 1 if 

M1.M2.M3.B.T0P 



Adds 4K to Module 1 
Start Address if 

M1.M2.M3.B 

Adds 1 to Bank Select 
Address of Module 1 if 

M1.M2.M3.B.T0P 



Enables Module 1 



Adds to Module 1 
Start Address 



Adds to Module 1 
Start Address 



Adds to Module 1 
Start Address if 

M1.M2.M3.B 

Adds to Bank Select 
Address of Module 1 if 

M1.M2.M-3.B.T0P 



Adds to Module 1 
Start Address if 

M1.M^.M3.B 

Adds to Bank Select 
Address of Module 1 if 

M1,M2.M3.B-T0P 
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Table 4.3 Switch Definitions 



sxssscssssssssss 

PCA 
Designation 

rssssssssssssssa 

S2 



R.M 



RAM 



R.M 1 



RAM 1 



M1 
M2-3 

FST 

RPT 

WPT 



Funct ion 



C losed 



Open 



Mode Configurator: is Blank Background (Left Niodule) 

1 is Solid Background (Right Module) 



Enables RAM/ROM mode 
for Module if TOP 



Module responds as RAM 
if R.M O.TOP 



Enables RAM/ROM mode 
for Module 1 if TOP 



Module 1 responds as RAi*) 
if R.M 1.T0P 



and 1 are 16K Modules 



and 1 are 4K Modules or 
Bank Select Enabled. 



TOP AOOnSec Memory Cycle 
(This is the normal mode) 



Inhibits TOP Read to 
Processor when Inhibit 
Rom i s c lean. 

Inhibits TOP write 



Module responds as 
Memory unconditionally 



Module responds as KOM 
( Addressi nq only ) if 

R.iM . TOP 



Module 1 responds as 
Memory unconditionally 



Module 1 responds as kOM 
( Addressing only ) if 

R.M 1 . TOP 



and 1 are 4K /^;odules 



and 1 are 16K Modules 



TOP SOOnSec Memory Cycle 



TOP Read is unconditional 



Enables TOP Write 
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Table 5.0 Connector Information for Universal Memory PCA 



Connector 
and Pin No. 

:bsss«s«sssssx 

PI/ Pin 1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
-11 
-12 
-13 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 
-22 



Signal 
Name 

ssssssssssatss: 

+ 5V 
GNO 
SYS CLK 
-12V 



ADORO 

A00R1 

A0DR2 

A0DR3 

ADDR4 

AD0R5 

ADDR6 

A0DR7 

AD0R8 

AD0R9 

ADDR10 

A00R11 

AD0R12 

A0DR13 

A00R14 

A0DR15 

I/O 

GNO 



Signa I 
Description 

+5 Volt Power Supply 

Ground Common Return (Power and Signal) 

4.915 MHz System Clock 

-12 Volt Power Supply 



Negat i 
Negat i 
Negat i 
Negati 
Negati 
Negati 
Negat i 
Negat i 
Negati 
Negati 
Negat i 
Negati 
Negat i 
Negat i 
Negati 
Negati 



ve True 
ve True 
ve True 
V e True 
ve True 
ve True 
ve True 
ve Irue 
ve True 
ve True 
ve True 
ve True 
ve True 
ve True 
ve True 
ve True 



Negative True 



Address Bit 

Address Bit 1 

Address Bit 2 

Address Bit 3 

Address Bit 4 

Address Bit 5 

Address Bit 6 

Address Bit 7 

Address Bit 8 

Address Bit 9 

Address Bit 10 

Address Bit 11 

Address Bit 12 

Address Bit 13 

Address Bit 14 

Address Bit 15 
Input Output/Memory 



Ground Common Return (Power ana Signal) 
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Table 5.0 Connector Information for Universal i^eirory PCA(Cont'd). 

Siqna I 
Description 

Ground Common Return (Power and Signal) 

Not Used 

+12 Volt Power Supply 

Not Used 

Negative True/ Data Bus Bit 

Negative True/ Data Bus Bit 1 

Negative True/ Data Bus Bit 2 

Negative True/ Data Bus Bit 3 

Negative True/ Data Bus Bit 4 

Negative True/ Data Bus Bit 5 

Negative True/ Data Bus Bit 6 

Negative True/ Data Bus Bit 7 

Negative True/ Write/Read Type Cycle 

Not Used 

Negative True/ Wait Control Line 

Bus Controller Priority In 

Bus Controller Priority Out 

Not Used 

Not Used 

Negative True/ Request (Bus Data 
Currently Valid) 



Connectpr 
and Pin No. 

aiEssssxxssssss 

PI/ Pin A 


Signal 
Name 

sxssssssxsssssss 
GND 


-B 




-C 


+ 12V 


-D 




-E 


8US0 


-F 


BUS1 


-H 


BUS2 


-J 


BUS3 


-K 


8US4 


-l. 


BUS5 


-M 


BUS6 


-N 


BUS7 


-P 


WRITE 


-R 




-S 


WAIT 


-T 


PRIOR IN 


-U 


PRIOR OUT 


-V 








«Y 


1 REQ 



-z 



Not Used 
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Table 

issssssssrssr 

Connector 
and Pin No. 

iSSSSSSSSSSSS 

P3# Pin 1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
-11 
-12 
-13 
-14 
-15 
-16 
-17 
-18 

-19 

-20 
-21 

-22 



5.1 Connector 

Signal 
Name 



READ 



SYNC.PHASE1 



GND 



Information for Universal Memory RCA 

Signal 
Description 

Ground 

Address Bit 

Address Bit 1 

Address Bit 2 

Address Bit 3 

Address Bit 4 

Address Bit 5 

Address Bit 6 

Address Bit 7 

Address Bit 8 

Address Bit 9 

Address Bit 10 

Address Bit 11 

Address Bit 12 

Address Bit 13 

Address Bit 14 

Address Bit 15 

Negative True/ (Low Indicates Top Plane 
Module Address Recognition- (High 
Causes a Bottom Plane Bus Cycle) 

High Indicates lop Plane Bus Data Shoula 
Be Gated On 

Not Used 

Positive Pulse of lOOnSEC at Beginning of 
Processor Major Cycle 

Ground 
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Table 5 

Connector 
and Pin No. 

isssssssacssss 

P5, Pin A 
-B 
-C 
-D 
-E 
-F 
-H 
-J 
-K 
-L 
-M 
-N 



-P 



1 Connector Information for Universal Memory PCA (Cont'd.^ 



Signal 
Name 

GND 



I/O 



Siqna I 
OescriDt ion 

Ground 

Data Bit 

Data Bit 1 

Data Bit ?. 

Data Bit 3 

Data Bit A 

Data Bit 5 

Data Sit 6 

Data Bit 7 

Bank Select Bit ( Enhanced Processor ) 

( Module ) 

8ankSelectBit1(0nly. ) 

Negative True/ (Low) Causes Processor 
Wait States to Synchronise Processor 
with S low Memori es. 

Negative True/ (Low) Indicates i^emory 
flapped I/O Area (A15 A14 A13 A12) = (10U0) 
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Table 5 

ssBSssrsacssBssi 

Connector 
and Pin No. 

ISSSSSSSSSSSSS 

-R 

-s 

-T 

-u 

-V 

-w 

-X 
-Y 



-z 



1 Connector Information for Universal Memory PCA (Cont'd.) 

Signal 
Name 



DISABLE ROM 



TOP 60 SLOW 



TOP 



Signal 
Description 



Not Used 

Not Used 

Not Used 

High Indicates Future Memory Access Cyc 
should be Acknowledged by RAM not KOM 

Not Used 

Not Used 

Not Used 

Negative True/ (Low) Causes Current 
Processor Clock Cycle to be 5D0nsec 
Instead of the Usual AOOnsec 

Negative True/ (Low) Selects Top Plane 
Access (TOP)/ (High) Selects Bottom 
Plane Access (80T). 



les 



SSBSSSSSB3SSBSSX3X33SS 33 3BS.S3S3333S335 3.3 353333SSS3333: 
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Table 5.2 Connector Information for Universal Memory PCA 

Signal 
Description 

Ml Switch Output 

Ml Switch Input 

Neqative True/ 4K Module 1 Switch Input 

Negative True/ 52K Module Switch Input 

Negative True/ 16K Module 1 Switcn Input 

Negative True/ Head Protect Switch Input 

Negative True/ Ham/Rom Module 1 Switch Input 

Refresh Input A 

Negative True/ Address Bit 4 

Negative True/ RAM Switch Input 

Negative True/ 6K Module Switch Input 

Negative True/ 4K Module Switch Input 

*5\/ With IK Source Impedance/ Reset Input 

Refresh Input B 

Ground Common Return (Power and Signal) 



1 Connector 


Signal | 


1 and Pin No. 


Name | 


|=sssz«ssssssss 


SSSSSSS3SSSSSSSS 1 


1 P2/ Pin 1 


M1SW0UT I 


1 -2 


M1SWIN 1 


1 -3 


4K1SWIN 1 


1 -4 


32K0SWIN 1 


1 -5 


16K1SWIN 1 


1 -6 


RPTSWIN 1 


1 -7 


R.M1SW0UT 1 


1 -8 


REFA 1 


1 -9 


ADDR4 1 


1 -10 


RAMOSWIN 1 


1 -11 


8K0SWIN i 


1 -12 


4K0SWIN 1 


1 -13 


+ 5RS 1 


1 -14 


REFB 1 


1 -15 


GND 1 
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Table 5.2 Connector* Information for Universal Memory PCA (Cont'd.) 



Connector 
and Pin No. 

X33SSSXSSSSSSSS 

P1# Pin A 
-B 
-C 
-D 
-E 
-F 
-H 
-J 
-K 
-L 
-M 
-N 
-P 
-R 

-S 



Signal 
Name 



M2SW0UT 
FSTSWIN 


M3SW0UT 


8K1SWIN 


16K0SWIN 


32IC1SWIN 


R.MOSWIN 


RAM1SWIN 


LOAD REFRESH 


R.MOSWIN 



R-MOSWOUT 



WPTSWIN 



Siqnal 
Desc ript i on 



Ground Common Return (Power and Signal) 



Negat 
Negat 1 
Negat i 



ve True^ Fast Switch Input 

ve True^ M3 Switch Output 

ve True/ 8K Module 1 Switch Input 



Negative True/ 16K Module Switch Input 

Negative True/ 32K Module 1 Switch Input 

Negative True/ Ram/Rom ModuleO Switch Input 

Negative True/ Ram Module 1 Switch Input 

Negative True/ Load Refresh Counter Value 

Negative True/ Ram/Rom ModuleO Switch Input 

Negative True/ Ram/Pom Modu leOSwi t ch Output 
Not Used 
Not Used 
Not Used 

Negative True/ WPT Switch Input 
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3.0 



3-1 
3.1.1 

3.1.2 
3.1.3 



FUNCTIONAL DESCRIPTION. Refer to the block diagram (fiaure 1)/ 
schematic diagram (figures 2 and 3)/ the timfnq diagram (figure 4)/the 
component location diagram (figure 5) and the parts list (02640-60171) 
located in the appendix. 

The Universal Memory PCA is the display or orogram memory for 
the terminal. It consists of memory drivers and series termination 
resistors/ memory receivers/ top data port/ bottom data port/ memory 
array/ transparent data latch^ top-bottom address multiplexer/ refresh- 
memory multiplexer/ bank select switch/ mode configurator/ top-bottom 
control multiplexer/ clock driver/ memory access control/ memory timing 
/delay line and test connector/ top-bottom interface control/ 
memory request generator/ refresh request generator/ refresh counter/ 
and data port selector. 

MEMORY DRIVERS AND SERIES TERMINATION RESISTORS. 

The memory drivers ( with integral receivers) drive the memory array 
bus inputs consisting of column address strobe/ row address strobe 
data in/ write enable/ and address inputs. 



The drivers have a specified propagation delay for a capacitive 
1.5X the worst case memory array input capacitance. 



load 



The series termination resistors minimize undershoot by terminating 
the bus lines with the line impedance. This approximates to 200hms 
since it consists of an 800hm line with distributed/ lumped/ capacitive 
loads. Current limit protection is provided free which limits the 
memory driver output to 75mA if two or more array inputs are shorted 
together. 



3.2 MEMORY RECEIVERS. 

The integral memory receivers are used in diagnostic mode; they 
allow the the memory array inputs and outputs to be tested. 
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3.3 TOP DATA PORT. 

The top data port consists of a transceiver (U34^U44) .The receiver 
section output corresponding to the port input is enablea in top mode 
only and connects the processor top plane data bus to the to the meniory 
array input data bus. 

The driver section output corresponding to the port output is enabled 
by the port selector (TDO) and connects the transparent data latch 
output to the processor top plane data bus. 

3.4 BOTTOM DATA PORT. 

The bottom data port consists of a transceiver (U54/U64) .The receiver 
section output corresponding to the port input is enabled in bottom 
mode only and connects the bottom plane data bus to the memory array 
input data bus. 

The driver section output corresponding to the port output is enaoled 
by the port selector <BDO) and connects the transparent data l^itch 
output <BDO) to the bottom plane data bus. 



3.5 MEMORY ARRAY. 

3.5.1 The memory array consists of eight or sixteen 4K or 16K RAMS in 
ceramic DIP packages- Any Mostek MK4116-4 (16K) MK4027-3 (4K) or 
equivalent RAM with a demonstrated reliability of < 0.3% failures 
per 1000 hrs may be used. 

The RAMS are used with sockets to allow field uparade and repair; 
however/ only HP 5090 prefix RAMS should oe used (these have been 
subjected to a burn in^ functional and parametric tests at HP 
incoming inspection). 

3.5.2 Each RAM is organized as 128 X 128 cell array (16K) or a 64 x 64 
cell array (4K) addressable by row and column. The 14-bit (16K) 

or 12-bit (4K) address is therefore multiplexed and strobea into the 
internal row and column latches with the row and column strobes. 

3.5.3 The power distribution is via a low impedance 4-layer PC board 
structure. The ceramic capacitors which supply the transient current 
are organized so that some redundancy exists. This allows reliable 
operation with one open circuit component. 

3.5.4 The memory array is organized as two modules of equal size (if both 
are loaded). They are both addressed ident i ca I ly; the RAS or row address 
strobe determines which module is selected for a write or read. 
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3.6 
3.6.1 



TRANSPARENT DATA LATCH. 



3.6.2 



3.7 



3.8 
3.8.1 



The transparent data latch (U33) allows the data 

the latch prior to being latched- This means the 

optimized and if a higher speed RAM is used^ the 

be correspondingly higher in speed. The data 

the completion of a memory cycle does not depend 

the processor-memory handshake. Therefore/ a diagnostic tool attached 

to the terminal bus cannot prevent the memory from being refresheq. 



to propagate through 
RAM access time is 
memory will appear to 
i s latched so that 
on the completion of 



The pull-up resistor array (RIO) is required because in the case of the 
16K RAM/ the data output is not latched internally and when the output 
is in the tri-state condition/ the indeterminate logic levels wnich 
result can propagate through the latch causing potential oscillation 
problems. 

TOP-BOTTOM ADDRESS MULTIPLEXER. 

The top-bottom address multiplexer (U35/U65) selects the memory 
address bus from the top or bottom plane. In bottom plane mode the 
top connector (and therefore the top plane address bus) is oisconnected 
and the memory address at the output (U 35/65) will come from the bottom 
plane address bus. In top plane mode the multiplexer output is 
off and the memory address at the output (U35/65) will come from the 
the top plane address bus. 

REFRESH-MEMORY MULTIPLEXER. 

The refresh-memory multiplexer selects the row or column address 
(U45/55) from the top-bottom address multiplexer for memory cycles and 
selects the refresh counter (U46) address for refresh cycles. 

MEMORY MODE enables the refresh driver output (U46/ Pinsi and |9). 

REFRESH MODE enables the row column driver output (U45/55 Pin 15) / 

COL selects the column address and COL selects the row address (U 45/55 
Pin 1). 
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3.8.2 The memory array address for diagnostic purposes is the same for 

bottom or top plane mode and the address oit mapping is as follows: 

16K Modules 



Memory Address 
AOOR 15 14 13 11 10 9 8 7 



12 



1 







Module |A6 A5 A4 A3 A2 A1 AO I A6 A5 A4 A3 a2 A1 A0| 

Address! i I 

I MemoryArray I i^lemoryArray I 

I Column Address I Row Address I 



4K Modules 



Memory Address 



AOOR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10 

Module |A5 A4 A3 A2 A1 AG | A5 A4 A3 A2 A1 AG | 

Address | I I 

I Memory Array I Memory Array | 

I Column Address I Row Address I 

3.9 BANK SELECT SWITCH. 

The bank select switch (J2 J3) is used to select bank select 

mode ( 8-position ) in which the top plane bank select address is 

output to the bank select address decoder section of the mode 

conf iguratorC U310 and U39^ Pin 3 and 6). In normal mode this is used 

as part of the module address decoder for 4K modules and connects 

to the top-bottom address multiplexer. 



3.10 



3.10.1 



MODE CONFIGURATOR. 

The mode configurator consists of two identical comparators for 
the two memory array modules and ^f and an enable for the most 
significant memory driver. 



The inputs to the configurator are DISABLE ROM (P3/Pin U) 
outputs of the top-bottom address multiplexer^ the output 



BA14 and 15 
of the oank 



select switch (J2/and J3)/ the switch bank S1^ the A6 output of tne 
refresh-memory multiplexer (U55/ Pin 7)/and the I/O output of the 
top-bottom control multiplexer <U37/ Pin 4). 
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3.10.2 The outputs of the configurator are MODULE SELECT (U410/ Pin 8)/ 



3.10.3 



MODULE 1 SELECT (U410/ Pin 6)/ BOARD SELECT (U69/ Pin A)/ and the input 
to memory driver A6 <U5i/ Pin 4). 

The comparators operate as follows: 
(only one will be described) 

The I/O input from the top-bottom control multiplexer enables the 
comparator. If the memory address is in the memory mapped I/O 
space (32k to 36K)/ the memory module will be inhibited in ROT mode 
and may be enabled in TOP mode only with an enhanced version of 
Processor Module (13255-91209). 

The INH switch disables the comparator when closed. This is the 
normal mode if the RAMS are not loaded or the memory array has to 
be turned off. 

The 32K^16K/8K/and 4K switches specify the starting address of the 
module in normal mode. If the memory array contains 4K RAi^is the 
Ml switch would Pe set open/ this means the A6 input of the memory 
array is low and the memory array chip select is enabled. Also the 
M2 and M3 switches would be closed enabling the comparator to 
start on 4K boundaries. 

If 16K RAMS are used the Ml switch would be closed connecting the 
A6 memory address driver to the ref resn-memory multiplexer/ and 
the M2 and M3 switches would be open enabling the comparator to 
start on 16K boundaries. 

o The R.M switch is used to enable the comparator to respond to the 
DISABLE ROM line ( P3/ Pin U). When the R.M switch is closed/ the 
comparator will be enabled if the state of the DISABLE ROM line is 
set and the RAM switch is closed/ or if the state of the DISABLE 
ROM line is cleared and the RAM switch is open ( ROM selected ). 

o In bank select mode the memory array has to be loaoed with 16K 
RAMs and the M2 and M3 switches closed. This is necessary because 
in bank select mode the section of the comparator used to decode 
the module address in a 4K RAM configuration is used to decode the 
bank select address. Therefore/ if the bank select address is 3/ 
the 8K and 4K switches would be closed and the comparator would be 
enabled when the state of the BO and B1 lines is set. 
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3.11 TOP-BOTTOM CONTROL MULTIPLEXER. 

3.11.1 The top-bottom control multiplexer (Ui7) selects the principle control 
lines from the top or bottom plane which control the memory operation. 
The WPT or write protect switch enables the TOP write (U66/ Pin 4) when 
open and inhibits TOP write into the memory module when closed. 

It is clear that the WPT switch has to be open when the memory 
module is being loaded^ and cannot be used if any part of the 
module is used as read-write memory. 

3.11.2 The I/O decoderC U37# Pin 4 ) selects the top or bottom plane I/O lines 
which decode the memory mapped I/O area corresponding to 32K to 36K. 

3.11.3 The memory request enable (U37/Pin 12) is unconditional from the bottom 
plane/ the top memory request is enabled if the status for a halt 
instruction is absent • 

3.11.4 The memory request strobe (U37/ Pin 9) positive edqe is the earliest a 
memory cycle can begin. REQUEST is used in bottom plane mode/ and 
SYNC.PHASE1 in top plane mode. 

3.11.5 The memory write enable (U37/ Pin 7) enables a write into memory/ in 
bottom plane mode it is enabled by 'WRITE and in top plane mode by 

decoding MEMORY WRITE. OUTPUT status. 



3.12 CLOCK DRIVER. 

The clock driver section buffers the svstem clock and produces 

CLK (U66/ Pin 11) / CLK 1 (U57/ Pin «) / and CLK 2 (U7b^ Pin 6) 
which drive the parts of the module which are synchronous with the 
system clock. 
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3.13 MEMORY ACCESS CONTROL. 

The memory access control initiates the memory cycle timing (RAS 

and-or RAS 1 set) from the output state of the refresh and memory 

request generator outputs REFRESH REQUEST /MEMORY REQUEST/ and 
MEMORY WRITE. 

3.13.1 The philosophy for resolving the conflicts between the normal memory 
requests and the refresh requests requirea to refresh the dynamic 
RAM array is as follows: 

3.13.1.1 The *normal' mode of the module is MEMORY ^OOE and the row address 
from the memory-refresh multiplexer is set ud at the memory drivers 
prior to the memory request being received. The memory cycle tnen 
begins as soon as memory request is set. when the memory timing has 
been initiated/ ''lEMORY READY is cleared and the refresh request 

is inhibited until the memory cycle ( I^EMORY REQUEST is cleared) 
and the precharge time is completed ( (viE!v)ORY READY set). 
The pending refresh request/ if any/ is processed next- 

3.13.1.2 When a refresh request is received REFRESH MODE is selected which 
enables the refresh address to the output of the refresh-memory 
multiplexer and the actual refresh cycle oegins 200nsec later when 
REFRESH sets (U48/ Pin 9). The memory module cycle time is therefore 
optimum for normal operation/ and a longer cycle is used for refresh 
When the memory timing has been initiated/ MEMORY READY is cleared 
and the memory request is inhibited until the memory cycle 

(MEMORY REQUEST is cleared ) and the precharge time is completed 

(MEMORY READY is set). 

The pending memory cycle/ if any/ is processed next. 



3.13.1.3 If a memory and refresh request occur simultaneously/ the hardware 
is designed such that the refresh cycle will always occur first 
since the REFRESH REQUEST (U58/ Pin 5) will set a maximum of 
7 nsec after the buffered system clock. The pending memory request 
processed (see 3.13.1.1) after the refresh request (see 3.13.1.2). 



1 s 
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3.13.2 The mechanism for memory access is as follows: 



3.13.2.1 



In BOT mode for 
If MEMORr READY 



a write access 
is set and the 



MEMORY REQUEST and MEMORY WRITE are set. 
REFRESH REQUEST is cleared the memory 



request is enabled ( RAS or RAS 1 is set ) and 
enabled (WE is enabled) . The memory timinq then 
completion. A BOT read access is identical 
WRLTE will be cleared therefore the memory write 
(WE is inhibited). 



the memory is write 
continues to 
except that MEMORY 
will be inhi bi ted 



3.13.2.2 In TOP mode the operation is identical except that for a write 

access the write data is not available at the same time as the memory 
request therefore the memory timing is not enabled (RAS or RAS 1 set) 
until WRITE (P3-20) is asserted. Since the refresh request is 
inhibited a refresh request which occurs during this period will 
not interfere with the memory access- 



3.13.3 The mechanism for a refresh access is as follows: 

REFRESH REQUEST is set and if MEMORY READY is set/ REFRESH MODE will 
set which enables the refresh address out of the refresh-memory 
mult iplexer/ inhibi ts the WE to memory and the memory request- 
REFRESH sets 200nsec later which sets RAS and RAS 1 
(U59/ Pin 4 and 10) the memory timing then continues to completion. 

3.14 MEMORY TIMING (see figure 4 Memory Timing Diagram) 

The memory timing is initiated when a row address strobe is set 
(RAS and-or RAS 1) and ends when MEMORY READY is set indicating a 
new cycle may begin. The memory timing controls the column address 
selection (COL)/ the transparent data latch clock (DATA CLOCK)/ 
the initialization of MEMORY MODE ready for the next cycle/ the 
clearing of RAS which initiated the memory timing and the clearing 
of the request which caused the access (MEMORY REQUEST or REFRESH 
REQUEST). 

3.14.1 RAS or RAS 1 causes the state of the delay line input to be set/ 
the positive input edge propagates along the delay line and each 
output will go positive after a fixed time in relation to the input, 
The output tap 3 (U79/ Pin 11) a 260nsec clears RAS and RAS 1 and 
hence clears the state of the delay line input / the negative edge 
then propagates along the delay line. The delay line outputs 
therefore appear as a a series of 260nsec wide pulses each delayed 
a different time with respect to the input. 
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3.14.2 CAS Is set by output 3 (^5nsec) which clocks U77# Pin 9. If the access 
is a memory cycle the state of the input (U77^ Pin 2 ) will be set 

and the CAS output at U78/ Pin 8 will be asserted. At the same time 
DATA CLOCK which is logically the same as CAS is asserted which enables 
the transparent data latch. CAS is cleared by output 4 (i20nsec) 
and at the same time the transparent data latch is inhibited causing 
the RAM output data to be held in thelatch. in the case of a refresh 
access the CAS flip-flop will be inhibited therefore neither CAS or 
DATA CLOCK will be asserted. 

3.14.3 SET MEMORY MODE is decoded from REFKFSH (U78/ Pin 2) and output 5 
(415nsec) and output 3 (260 nsec). 

CLEAR REFRESH REQUEST is decoded from RtFRPSH (U78/ Pin 2) and 
output 3(260nsec). 

CLEAR MEMORY REQUEST is decoded from ,v,emo«Y MODE (U48/ Pin 6) and 
output 1(45nsec) and output 3(260nsec) this gives a nominal cycle time 
of 600nsec. 



MEMORY READY is cleared by RAS + RAS 1 + (output 5 and output 3) 

at U77 Pin 13 and is set synchronously at the next clock 

giving the minimum required precharge time following the row adoress 

strobe 



3.15 DELAY LINE and TEST SOCKET. 

3.15.1 The delay line (U79) is a hybrid circuit containing an L-C delay line 

and a 3-state output buffer used to generate the memory timing. 

The delay line is packaged in a 16 or 32 Pin DIP oackage /and either 

one may be used on the Universal Memory Module. 
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3.15.2 The delay line timing is as follows: 



FUNCTION 



0UT1 

0UT2 

0UT3 

OUTA 

OUTS 

Ground 

♦ 5V 

Enable 
Input 



DELAY FROM INPUT 



45nsec 

75nsec 

260nsec 

320nsec 

41 5nsec 



DELAY LINE PIN 



Pin 


13 


Pin 


5 


Pin 


11 


Pin 


7 


Pin 


9 


Pin 


8/7a 


Pin 


16/14a 


Pin 


1 


Pin 


la 



TEST CONNECTOR PIN 



Pin 
Pin 
Pin 
Pin 
Pin 
Pin 



Pin 3 
Pin 6 



Enable 
Input 



3.15.3 The outputs and the output enable control are accessible from the test 
connector for DTS 70 pretest and for servicina. Note that if an 
external delay line is wired to a test plug it can be used in repair 
to substitute for the one on the memory board. The enable delay line 
input on the test socket and the enable on the external delay line 
must be grounded and +5V connected to the external delay line. 



3-16 TOP-BOTTOM INTERFACE CONTROL. 

3.16.1 The top-bottom control logic provides the feedback or handshake 
response to memory requests received by the memory request 
generator. 

3.16.2 In TOP mode^ TOP ACTIVE (P3/ Pin-18) is asserted by BOARD SELECT 
(U78/ Pin 4) meaning the memory module will respond to a top plane 
memory access request. The processor mooule will then inhibit the 
bottom plane request sequence and complete a top plane memory cycle, 



At the same time GO SLOW (P3/Pin Y)is enabled if the FST switch 
will be asserted indicating the memory cycle will be 500nsec 
instead of the normal 500nsec cycle. 



1 s open 



TOP WAIT <P3^ Pin-N) is asserted if a top plane memory request is 
initiated while a refresh cycle is in progress. 
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3.16.3 In BOX mode/ WAIT (P1/Pin-S) is asserted when the memory request is 
initiated and cleared when the data is ready. The intervening time 
may include a refresh cycle in which case the data is ready after 
the refresh and the memory cycles are completed. 



3.17 



MEMORY REQUEST GENERATOR. 



The memory request generator consis 
WRITE flip-flops (U38). These are set 



ts of the MEMORY REQUEST and f^E^lOi^Y 
if a strobe (U38 Pins 3 and 11) 



WKiit Tiip-Tiops vuj>o;. inese are sex it a sxrope vuoo r'lns o ana im 
is input from the top-bottom control multiplexer when the er»ables 
(U38/Pins 2 and 12) are asserted and the board se lee t (U38/P i n 4 and 10) 
is asserted, MEMORY write is set for a write operation/ and clear for 

a pi»ar4 An^rat-inn- 



a read operation. 

When the memory operation is completed/ the 

WRITE flip-flops are cleared. 



MEHORY REQUEST and MEMORY 



3.18 
3.18.1 

3.18.2 



3.18.2 



REFRESH REQUEST GENERATOR. 

The refresh request generator consists of a refresh counter 
and a refresh request JK flip-flop ( u5d/ Pin 5). 



(U27/ U28) 



to 



The refresh counter is synchronous with tne system clock and is used 
time out the interval between refresh requests. The modulus of the 
counter is 74 this gives a carry output (U27/ Pin 15) every 15.27 usee 
or each memory row address is refreshed at 15.27 x 128 usee = 1.9omsec 
(4K RAMS are refreshed at twice this rate ). The carry is latched 
by the Refresh request flip-flop which is cleared after the refresh 
memory cycle is completed. 

The modules of the refresh request generator counter can be cnanged 
as follows: 



3.19 



REFA 


REFB 


Modu 


= = = = = 


3===== 




1 


1 


74 


1 





1 





1 


256 



Modulus I Purpose 



REFRESH COUNTER. 



I (JoriT'al refresh a 2msec 

I 

I DTS /O Pretest 

I 

I Meinory Tester extended refresh 



The refresh counter (U36/ U56) contains the row refresh address, 
It is incremented at the end of a refresh cycle. 
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3.20 



DATA PORT SELECTOR 



The data port selector controls the TOP and BOTTOi*! 

DATA PORT. In TOP mode the TOP DATA PORT output is enabled 

by TDO# which is asserted by REAO (P3/Pin-19) and BOARD SELECT 

and RPT switch. 

The RPT or read protect switch is used to prevent the module from 

responding to memory reads when the state of the DISABLE Line is clear, 

When the current loader ROM is used^ during the loading process 

the state of the DISABLE ROM line is initially clear and instructions 

are read from the loader ROM while the data is written 

into the RAM on memory module. This requires the ROM to be read only 

and the RAM on the memory module to be write only during the 

load sequence. After the load operation is complete the state of 

the DISABLE ROM line is high^ tne ROM is inhibited and the KAi*i on 

the memory module operates in read or write mode. 
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4.0 FUTURE ENHANCEMENTS. 

When 6AK RAMs are avai lab le/ ( w i t h design modifications) the 
Universal Memory Module standard sizes would be as follows: 



64K 1 64K module / 
128K 2 64K modules 



1 vacant module 



Based on the assumption that the 64K RAM will be the same as a 
16K; ram except that the +12V supply pin will be replaced by tne 
additional address pin the design chances required would be minor 
and are therefore documented as follows: 
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OP-BOT aadress rnultiplexer outputs (U35/Pins 18-16) to 
puts of the refresh-memory address multiplexer (iJ45/Pin 



utput (U45/ Pin 
sh buffer input 



7) to the refresh buffer (U46/ Pinll)^ 
(U46/ Pin 17) to the refresh counter 



nstant at the preset inputs of the refresh counter 
mory cycle time) apart for the same row address, 
nd U41U in the mode configurator #since the address 
start at OK. Bank select mode would have to be used 
modules- 
memory driver (U63) so that one driver is used for 
used for A7 for the memory array .The A7 driver input 
to the refresh-memory multiplexer (U45/ Pin 7) m 



5.0 SERVICE GUIDE. 

5.1 In the event of problems the most likely causes are: 

1. Incorrect configuration. 

2. Power supply voltages incorrectly set. 

3. Bad RAMS 

4. Other hardware problems which require board replacement. 



5.2 The performance can be verified by configuring the module as disolay 
memory and doing bottom and top plane self test several times. 
The top plane test will not orovide diagnostic messages ( since the 
DMA module does not have a top plane interface mode). However/ the 
terminal will beep each time the test is passed successfully and the 
lights will go off after the last test- 
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Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


C 
D 


Qty 


Description 


Mfr 
Code 


Mfr Part Number 




02640-60171 


6 


1 


UMvEPS*L memory ASSEMBtY 
D*TE COOEl C-1910-42 


28480 


02640-60171 




Oieo-l7<l6 




3 


C«PACITOR-fXO 15UF»-10X 20VDC T4 


56289 


150D156X90JOB2 




01SO-039S 




4 


CAPACITOR-rXO 39Ur*-l0X lOVDC TA 


56289 


150DJ96X9010B2 




0160<ae92 




20 


CAPACPOR-FXO lijF ♦-20X 25V0C CE9 


28480 


0160-4892 




0160<4893 






C*PACITOP-rxO lu' ♦-20X 25VDC CER 


28480 


0160-0892 




0160-4S92 






CAPACITOR-FxD luF t-20X 25VDC CER 


28460 


0160-0892 




0160-4892 






CAPACITOR-FXO 1UF +-20X 25V0C CEB 


28480 


0160-4892 




0t60>4892 






CAPACITOR-FXD lUF t-ZoX 25VDC CIR 


28080 


0160-4892 




0160.4e92 






CAPACITOR-FXD lUF +-2eX 25VDC CER 


28480 


0160-0892 




0160«a892 






CAPACITOR-FXD lUF ♦-20X 25VDC CE9 


28480 


0160-0892 


CtO 


0160-489? 






CAPACITOR-FXD JUF +-20X 25VDC CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXD luF t-ZOX 25VDC CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXO lUF ♦-20X 25V0C CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXD 1UF ♦-20X 25VDC CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXO tuF ♦-20X 25VDC CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXD ) UF ♦-20X 25VDC CER 


28480 


OlbO-0892 




0160-4892 






CAPACITOH-FxD lUF ♦-20X 25VDC CER 


28480 


0160-0892 




0160-4892 






CAPACITOR. FxO luF ♦-20X 25VDC CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXO luP ♦-20X 25VDC CER 


28480 


O160-O692 




0160-4892 






CAPACITOR-FXO luF ♦-20X 25V0C CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXD tuF ♦-20X 25VDC CER 


28480 


0160-0892 




0160-4892 






CAPACITOR-FXD lUF ♦-20X 25V0C CER 


28080 


0160-0892 




0160-4892 






CAPACITOR-FXD luF *-20X 25V0C CIR 


28080 


0160-0892 




0180-0395 






CAPACITOR-FXD 39UF*-10X lOVDC TA 


56289 


1500J96X90IOB2 




0150-0121 




16 


CAPACITOR-FXO .luF ♦80-80X SovOC CER 


28480 


0150-0121 




0150.0121 






CAPACITOH-'XD .lUF ♦eo-20X 50VBC CER 


26480 


0150-0121 




0180-0393 






CAPACITOR. FXD 39UF*-loX lOVDC TA 


56289 


150D396X9010B2 




0150-0121 






CAPACITOR-FXO .lUF ♦80-20X 50VDC CER 


28480 


0150-0121 




0150-0121 






CAPACITOR-FXO .)UF ♦80-20X 5OV0C CER 


26480 


0150-0121 




0150-0121 






CAPACITOR-FXD .lUF ♦80-20X 50V0C CER 


28480 


0150-0121 




01«0"17«6 






CAPACITOR-FXO t5UF*-10X 20VDC TA 


56289 


180D156X9020B2 




01*0-1706 






CAPACITOR-FXO 15UF*-inX 20VDC TA 


56289 


1500156X902082 




0150-0121 






CAPACITOR-FXO .lUF t8O-20X 50VDC CER 


28480 


0150-0121 




0150-0121 






CAPACITOP-FXD ,1UF ♦eo-20X 50V0C CER 


28080 


0150-0121 




0150-0121 






CAPACITOR-FXO .lUF ♦eo-20X 50VDC CER 


28480 


0150-0121 




0180-0593 






CAPACITOB-FXO 39UF+-10X lOVDC TA 


56289 


1500S96X9010B2 




0150-0121 






CAPACITOR-FXD .luF +80-20X 50V0C CER 


28480 


0150-0121 




0150-0121 






CAPACITOR-FXO .luF ♦80-20X 50V0C CER 


26080 


0150-0121 




0150-0121 






CAPACITOR-FxD .lUF ♦eo-20X 50VDC CER 


28080 


0150-0121 




0150-0121 






CAPACITOR-FxD .lUF ♦60-20X 50VOC CER 


26080 


0150-0121 




0150-0121 






CAPACITOR-FXO . i UF ♦Bn-20X 50VOC CER 


28480 


0150-0121 




0150-0121 






CAPACITOR-FXO .lUF +flo-20X 5oVDC CER 


28480 


0150-0121 




0150-0121 






CAPACITOR-FXO . 1 1JF ♦80-20X 50VDC CER 


28480 


0150-0121 




0150-0121 






CAPACITOR-FXD .lUF +80-20X SOVOC CER 


28480 


0150-0121 


CRt 


1902-3092 




1 


DIOOE-ZNR 4.99V 2X DO-7 P0«.4w TC»-.0I2X 


26480 


1902-3092 




0560-0124 




5 


C0^^ECT0R-S(•L CONT PIN . 04-IN-BSC-SZ RND 


28480 


0560-0124 




0360-0124 






CO^NECTOR-Seu CONT PIN .04-IN-BSC-8Z RND 


28460 


0360-0124 




0360-0124 






C0NNECT0P-8CL CONT PIN . 04-IN-B3C-8Z RND 


28480 


0360-0124 




1251-0697 




5 


C0MNECT0P-8SL CONT 8KT ,022-IN-8SC-8Z 


28460 


1251-0697 




1251-0697 






C0NNECT0R-8GL CONT SKT .022-IN-8SC-SZ 


28480 


1251-0697 




125l-06«7 






C0NNECT0P-86L CONT SKT .022-IN-B8C-8Z 


26480 


1251-0697 




1200-0455 




1 


80CKET-IC 8-CnNT 0IP-8L0R 


28080 


1200-0055 




0693-4715 




t 


RESISTOR 470 5X .25w fC TC«-400/t6C0 


01121 


CB4715 




1810-0322 




3 


NETi«0RK-PE8 8-8IP20.0 OHM x 4 


01121 


408B200J 




1810-0322 






NETWORK-RES 8-8IP20.e OHM x 4 


01121 


408B200J 




1810-0322 






NET*OPK-RES 8-8IP20.0 OHM x 4 


0U21 


ooeBiooJ 




1810-0275 




5 


NETNORK-RES le-SlPl.oK OMM X 9 


01121 


210A102 




1810-0275 






NETwORK-RES 10-8IP1.0K OHM x 9 


01121 


210A102 




1810-0275 






NETwORK-PES 10-SIPl.OK OHM x <» 


01121 


210A102 




1«IO-0275 






NETmORK-RES 10-8IP1.0K OHM X 9 


01121 


210A102 




1810-0275 






NETWORK-PEB 10-8IP1.0K OHM x 9 


01121 


210A102 


RlO 


1810-0280 




1 


NETwORK-RES 10-81P10.0K OHM x 9 


01121 


210A103 


SWl 


3101-2102 




? 


SWITCH-RKR DIP.RKR-AS8Y 10-lA .o5A 30VDC 


28480 


3101-2102 


SWJ 


3101-2102 






SWITCH. RKR 0IP.RKR-A88Y 10-lA ,05A 30VDC 


28460 


3101-2102 


U?7 


1A20-I(i52 




4 


IC CNTP TTL L8 BIN SYNCHRO POS-EDGE-TRIS 


01295 


SN74LS163AN 


U?6 


1820-1432 






IC CNTR TTL L8 BIN SYNCHRO POS-EDGE-TRIG 


01295 


SN74LS163AN 


U53 


1R20-2102 


S 


1 


IC LCH TTL LS D-TYPE OCTL 


01295 


8N74LS373N 


U1<l 


1*20-1081 





7 


IC ORVR TTL BUS DRVR QUAD l-INP 


04713 


MCeT26AP 


UJ5 


1820-1917 


1 


3 


IC BFR TTL US LINE ORVR OCTL 


01295 


8N70L8240N 



Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


C 
D 


Qty 


Description 


Mfr 
Code 


Mfr Part N 


umber 


U36 


t«2<>-tU32 


T 




IC CNT" TIL L8 BIN SYNCHRO ^OS-IDGE-T'IS 


01295 


SN7ttl.8t6lAN 




U17 


l«2n-iai« 


I 


1 


IC MIJX9/0ATA-SEL TTU U8 2-TO-l-LINE OUAO 


01298 


8N74L8J87AN 




US« 


182IJ-0693 


8 


4 


IC ff TTU 3 0-TYPE POS-SOOE-TRIG 


01298 


8N74I74N 




UJ9 


I«2i-t2l5 


2 


3 


IC BATE TTL L8 EXCL-OR QUAD 2-INP 


01298 


SN74LS136N 




U«3 


1«20-J08t 







IC OPVR TTt BUS DRVR QUAD 1-TNP 


0<t713 


MCeT26AP 




UUU 


lHJii-tOBl 







IC DRVP TTL BUS DRVR QUAD 1-INP 


01713 


MC6T26AP 




Uu5 


Ifl20-t3n«» 


5 


2 


IC MU^P/PATA-SEL TTL S 2-TO-l-LINE QUAD 


01295 


8N74a286N 




UU6 


t92o-)9l7 


1 




IC BFR TTL L9 LINE OPVR OCTL 


01298 


8N74L82aON 




JU7 


tfl2n-»20<> 


a 


1 


IC 8FP TTL LS NANO QUAD 2-INP 


01298 


8N74L838N 




Ja8 


1«2()-06<»3 


8 




IC rr TTL 8 0-TYPE P08-IDSE-TPI6 


01298 


8N74I74N 




U«9 


lB2o«t203 


8 


1 


IC GATE TTL L8 AND TPL 3-INP 


01295 


8N74L81iN 




U!3 


t«?„.»p«) 







IC ORVP TTL BUS ORVR QUAO l-lNP 


0«7J3 


MC6T26AP 




US1 


lfl2i-tO«J 







IC OBVP TTL BUS DRVP QUAD 1-INP 


0«713 


MC8T26AP 




uss 


J«2(>-13n9 


5 




IC k-UXR/OATA-SEL TTL 8 2-TO-l-LINE QUAD 


01295 


8N7tt82S6N 




U56 


1 920-1 «32 


? 




IC CNTR TTL L8 BIN SYNCHRO P08-E0GE-TPIG 


01295 


8N74L8163AN 




US7 


ti»2o-1 199 


1 


2 


IC INV TTL L3 HEX 1-INP 


01298 


8N74l*oaN 




U5B 


)fl2(i-n6?'» 





1 


IC FF TTL 8 J-t< NEG-E0GE-TRI8 


01298 


8N748112N 




U59 


1820-0693 


8 




IC FP TTL 8 D-TYPE P08-EDGE-TRIG 


01298 


8N74874N 




UbS 


1820-1081 







IC OPVR TTL BUS ORVR QUAD 1-INP 


o«7n 


MCeTliAP 




Jb" 


182')-1081 







IC OPVR TTL BUS DRVP QUAD 1-INP 


01713 


MC6T26AP 




Ubf 


1820-1917 


1 




IC BFR TTL L8 LINE DRVR OCTL 


01295 


8N74LSi40N 




U(i6 


182')-l2ni 


6 


1 


IC GATE TTL L8 AND QUAD 2-INP 


01298 


8N74L806N 




U67 


1820-0681 


a 


1 


IC GATE TTL 8 NAND QUAD 2-INP 


01298 


8N74880N 




UbS 


1820-1322 


2 


1 


IC GATE TTL 8 NOR QUAD 2-INP 


01298 


8N74802N 




U69 


1820-1 lUa 


6 


1 


IC GATE TTL L8 NOP QUAO 2-INP 


01298 


8N74L802N 




J77 


182n-0693 


S 




IC PP TTL 8 D-TYPE PO8-E00E-TRIG 


01298 


8N74874N 




U76 


1820-1199 


1 




IC INV TTL L8 HEX J-INP 


01298 


SN74L804N 




U79 


1815-0107 


u 


1 


IC MISC TTL 1-INP 


2Sa80 


I8l3-0107 




U510 


182(.-1215 


2 




IC GATE TTL LS EXCL-OP QUAD 2-INP 


01298 


3N74L8136N 




uaio 


1820-1215 


2 




IC GATE TTL L8 EXCL-OR QUAD 2-INP 


01298 


8N74LI1S*N 




U510 


1820-0686 


9 


1 


IC G*TE TTL 8 AND TPL 3-INP 


01295 


8N7«811N 




UbiO 


182n-0685 


8 


1 


IC G*TE TTL 8 NAND TPL 3-INP 


01298 


8N74810N 




"1 


125P-C12a 


7 


3 


PIN. PROGRAMING DUMPER ,30 CONTACT 


91506 


8136-475Gt 




M? 


125<;-012« 


7 




PIN. PROGRAMING DUMPER ,J0 CONTACT 


91506 


B136-475G1 




W1 


125P-012« 


7 




PIN-PROGPAMING DUMPER ,J0 CONTACT 


91806 


BJ3i-«78ei 




XUll 


1200-0607 





16 


SOCKET-IC 16-CONT DIP-SLDR 


2S4S0 


1200-0607 




XUl? 


1200-0607 







SOCKET-IC 16-CONT DIP-SLDR 


28460 


1200-0607 




xu?i 


1200-0607 







SOCKET-IC 16-CONT DIP-SLDR 


26480 


1200-0607 




XU22 


1200-0607 







SOCKET-IC 16-CONT DIP-SLDR 


26480 


1200-0607 




XUSl 


1200-0607 







SOCKET-IC 16-CONT DIP-SLDR 


26460 


1200-0607 




XU32 


1200-0607 







80CKET-IC 16-CONT DIP-SLDR 


28460 


1200-0607 




XUOl 


1200-0607 







SOCKET-IC 16-CONT 0IP-8LDR 


26460 


1200-0*07 




XU<I2 


1200-0607 







80CKET-1C 16-CONT DIP-SLDR 


26480 


1200-0607 




XUSl 


1200-0607 







80CKET-IC 16-CDNT 0IP-8LDH 


28480 


1200-0607 




XU5? 


1200-0607 







SOCKET-IC J6-C0NT DIP-SLDR 


26480 


1200-0607 




XU61 


l20(-0607 







80CKET-IC 16-CQNT DIP-SLDR 


28480 


1200-0607 




XU62 


12O('-06O7 







80CKET.IC 16-CONT DIP-SLDR 


28460 


1200-0607 




XU7l 


1200-0607 







SOCKET-IC 16-CONT DIP-3L0R 


26460 


1200-0607 




XU7? 


1200-0607 







SOCKET-IC 16-CONT DIP-SLDR 


28480 


1200-0607 




XUSl 


1200-0607 







SOCKET-IC 16-CONT DIP-SLDR 


26480 


1200-0607 




xuej 


1200-0607 







SOCKET-IC 16-CONT DIP-SLOR 


26480 


1200-0607 






712^1-2099 


2 

1 


1 


LABEL 


26460 


7124-2099 





